Abstract. Species-abundance distribution (SAD) is an essential tool to explain the mechanism of diversity maintenance in ecological communities. Most of the studies on diversity maintenance in a specific forest dynamics plot just consider stems with a certain minimum size class to include into the tree community to be examined. However, the species in the juvenile stage are easily disturbed by a variety of factors; here, we define the minimum stem size to tag trees in a community as the community size (DBH mintag ), which implies that the communities with different minimum diameter at breast height (DBH) sizes to tag trees are tree assemblages containing tree populations of different minimum DBH. We used data from 17 1-ha forest dynamics plots across six old-growth forest types in a tropical nature reserve to explore diversity maintenance mechanism by SAD curves (at three levels of DBH mintag ) fitting to neutral model and niche preemption model. We found that the SADs of the two zonal vegetation types (tropical montane rain forest and tropical lowland rain forest) were best fitted by neutral model at each level of DBH mintag ; meanwhile, the best fitted models for the four azonal vegetation types (tropical coniferous forest, tropical deciduous monsoon rain forest, tropical montane evergreen forest, and tropical montane dwarf forest) varied with DBH mintag levels, for communities with DBH mintag ≥ 1 cm and DBH mintag ≥ 5 cm, the fitting effect of neutral model was better than niche preemption model's for the forest dynamics plots in the four azonal vegetation types, and for communities with DBH mintag ≥ 10 cm, the four azonal vegetation types were all best fitted by the niche model. Our results suggest that species diversity maintenance mechanisms of the two zonal vegetation types derived from the neutral model increased the predictive accuracy at each level of DBH mintag , and meanwhile, the four azonal vegetation types derived from the neutral model increased the predictive accuracy at smaller community size; however, with the increase in DBH mintag , these communities derived from the niche theory model increased the predictive accuracy. Habitat heterogeneity might be the major constraints in determining the neutral or niche process for diversity maintenance of a specific forest community.
species has on its inhabiting ecosystem (Ehrlén and Morris 2015) . A species-abundance distribution (SAD) can well display the abundance of all species recorded within a biotic assemblage (Ulrich et al. 2010 , Matthews et al. 2014 . The SAD has been defined as a vector of the abundances of all species presented in a community (Mcgill et al. 2007) . It is one of the most basic information to further elucidate the composition, structure, and dynamics of an ecosystem (Tokeshi 1990 , 1993 , Morlon et al. 2009 ). As SAD can reflect some underlying processes that assemble ecological communities, it has been used to test alternative hypotheses on the determinants of community structure and species coexistence (Morlon et al. 2009 ). SAD-based models, which combine mathematical theories and ecological features, have been developed to characterize the pattern of distribution curve and potential mechanisms. niche theory and neutral theory are two mainstreams of theoretical models to explain patterns of biodiversity (Chisholm and Pacala 2010) . neutral and niche theories propose contrasting explanations for the maintenance of species diversity (Brown et al. 2013) .
Classical niche theory having developed over 100 years is one of the main theories to explain species coexistence of natural communities (Silvertown 2004 , Chase 2005 ). The theory assumes that different species are associated with different combinations of abiotic and biotic factors and that the diversity of species is mainly caused by the spatiotemporal heterogeneity in environment (Tilman 2004, Chisholm and Pacala 2010) . gause (1934) proposed the competitive exclusion principle and suggested that niche differentiation is a necessary condition for maintaining species coexistence. Otherwise species with the same niche could not coexist because of competition for the common resources (Vandermeer 1972) . Competition can reduce diversity if superior competitors increase in abundance and exclude other species (Wright 2002) . Variation among individuals and species in communities can respond to or affect the environment (Lowe and McPeek 2014) . niche differentiation is thus vital in regulating species coexistence at different scales (Chesson 2000 , Chase and Leibold 2003 , Leibold and McPeek 2006 , Adler et al. 2007 ). The niche theory models closely link species abundance to the spatial and temporal distribution of niche. Although niche theory models have well explained some SAD patterns of communities, traditional niche theory meets a big challenge when the niche theory models are applied to explain coexistence phenomenon in habitats with less limited resources and nonobvious niche differentiation; thus, neutral theory model was proposed as an alternative to niche theory model (Hubbell 2001 (Hubbell , 2006 .
Since Hubbell (2001) proposed the neutral theory of biodiversity, it has become one of the most concerned while debated ecological theory (Bell 2001) . The neutral theory of biodiversity is a convenient theoretical framework for linking biodiversity patterns to the fundamental processes of population demography (Volkov et al. 2005) , which offer a simple phenomenological model of explanation for community features such as SAD and species-area curves (Etienne 2005, He and Hu 2005) , without considering any functional differences among species (Brown et al. 2013) . Under the neutral theory framework, all individuals within a particular trophic level have the same chances of per capita reproduction and death regardless of their species identity (Hubbell 2001 , Rosindell et al. 2011 , niche differences are irrelevant, and the relative abundance of each species in a community is determined by a "random-walk" process, in which dead individuals should be replaced by either migrants from surrounding metacommunities or offsprings of extant individuals (Silvertown 2004 , Munoz et al. 2007 ). The neutral model is very contentious, with some ecologists showing evidence supporting it (Etienne 2005 , Zhou and Zhang 2008 , and others offering evidence that falsify it (Ricklefs 2003 , Adler 2004 , Stanley Harpole and Tilman 2006 . Many ecologists indicate that neutral process is only one of the diversity maintenance mechanisms and may not be applicable for all cases (Mcgill 2003 , Tilman 2004 .
Species-abundance distribution curves are now widely used to describe diversity status across terrestrial, aquatic, and marine ecosystems (Elith and Leathwick 2009) . In different types of ecosystems, habitat variability has strong impacts on the distribution, abundance, and diversity of different species (Ehrlén and Morris 2015) . Magurran and Henderson (2012) suggested that ecological communities are composed of species that exploit available habitat in different ways. SAD curves can capture varied natures of SADs within an ecological community. Using different theoretical models to fit SAD patterns in different vegetation types is an important approach to understand biodiversity maintenance mechanisms under varied biotic and abiotic conditions. Tropical forests are one of the most species-rich ecosystems on the earth (Sterck et al. 2014) . The coexistence of vast numbers of species in tropical forest has fascinated many ecologists over the world (Wilson et al. 2012) . However, the high diversity of tropical forest has been challenging for diversity maintenance theories (May et al. 2015) . Some ecologists argued that neutral processes drive patterns of relative species abundance in high-diversity communities such as the tropical rain forests, even when niche structures are assumed to exist; however, neutral theory cannot be used to infer an absence of niche structure (Chisholm and Pacala 2010) .
Up to present, most studies on diversity maintenance in tropical forests have examined the robustness of different coexistence processes (i.e., neutral or niche) for the same vegetation type (e.g., a big forest dynamics plot). But few of them compared the expected diversity maintenance across different vegetation types distributed in a tropical landscape. Furthermore, almost all of the studies just consider stems with a certain minimum size class to include into the tree community to be examined. However, the species in the juvenile stage are easily disturbed by a variety of factors-juveniles had higher mortality in suboptimal habitats (Paoli et al. 2006) , so it could help us to understand the diversity maintenance mechanism via defining the community size using the DBH. Here, we define the minimum stem size to tag trees in a community as the community size (DBH mintag ), which implies that the communities with different minimum DBH sizes to tag trees are tree assemblages containing tree populations of different minimum DBH. On the basis of the investigation on tree stems in 17 1-ha forest dynamics plots across six old-growth tropical forest types in a biodiversity hotspot on Hainan island of China, we examined the species-abundance patterns and their best fit models for each tree community in each forest dynamics plot at three different minimum diameter at breast height (DBH) classes (DBH mintag ≥ 1 cm, DBH mintag ≥ 5 cm, and DBH mintag ≥ 10 cm) to disclose the common or differing underlying mechanisms of biodiversity maintenance among different vegetation types. We specifically explore the following questions: (1) "Is the best fit species-abundance model vegetation type specific or DBH mintag specific?"-"Does the best fit model vary with vegetation type or also with the different DBH mintag within the same vegetation type?", (2) "As per the best fit models, is the diversity of the same community maintained by only one single mechanism or by a combination of several mechanisms?", and (3) "What are the main possible determinants of SAD patterns across the six vegetation types?"
MaterIals and Methods

Study area
The study area is located in the Bawangling national nature Reserve (BnnR, 18°57′-19°11′ n, 109°03′-109°17′ E) on Hainan Island, China (Fig. 1) , which is at the northern edge of the Asian tropical forest zone. The area is about 500 km 2 , with an elevation range of 100-1654 m a.s.l. (Ding et al. 2012 ). The region is characterized by a tropical monsoon climate, the average annual temperature is 23.6°C, and the average annual precipitation is 1750 mm, with a distinct wet season from May to October and a dry season from november to April (Zhang et al. 2012) .
In the BnnR, the areas below 800 m in elevation have three types of tropical vegetation, tropical lowland rain forest (TLRF), tropical coniferous forest (TCF), and tropical deciduous monsoon rain forest (TDMRF). The low elevation tropical forests have similar amounts of precipitation; however, the local terrain and soil heterogeneity for each of these forest types are highly variable (Jiang et al. 2015) . TLRF is the zonal vegetation type in the low elevational areas of Hainan island, and it is distributed in better soil conditions and occupies the largest area in the low elevations (<800 m). Compared with the TLRF, the TCF and the TDMRF are the azonal vegetation types in the low elevations, the TCF is located in habitats with a low amount of soil nutrients and low water-holding capacity, where environmental conditions are stressful for broad-leaved trees and a few species of conifers become dominant. Because of the special geological, environmental, and floristic conditions, the TCF often has v www.esajournals.org ZHAng ET AL. a distinct community structure and contains a unique biodiversity that is different from that of adjacent tropical rain forests (Zhang et al. 2014) . The TDMRF occurs in drought and hot habitats, in which most of the species and individuals of trees are characterized by deciduousness and thorny stems (Jiang et al. 2015) . Tropical montane rain forest (TMRF) is the zonal vegetation type in the high elevational (≥800 m) areas of Hainan island, and it is mainly distributed in areas of 800-1300 m in elevation. The TMRF has a relatively high species diversity in comparison with other tropical rain forests in the region. Tropical montane evergreen forest (TMEF) and tropical montane dwarf forest (TMDF) usually dominate elevations above 1300 m, which is characterized by frequent fog or clouds, low temperatures, high humidity, and strong winds. The environmental conditions within these two vegetation types are quite different compared with other forest types (Long et al. 2011) .
Data collection
Investigation of the vegetation.-Between 2007 and 2014, we established 17 permanent forest dynamic plots, each with an area of 1 ha (100 × 100 m), in the old-growth stands of the six forest vegetation types (Fig. 1) , with two to four replicates in each forest type. There were four forest dynamic plots in TMRF, four forest dynamic plots in TLRF, three forest dynamic plots in TCF, two forest dynamic plots in TDMRF, two forest dynamic plots in TMEF, and two forest dynamic plots in TMDF. The est ablishment procedure and survey methods of these forest dynamics plots strictly followed the Center for Tropical Forest Science standard protocols (Condit 1998) . Each forest dynamics plot was subdivided into 25 subplots with an area of 0.04 ha (20 × 20 m), and then within each subplot, all standing woody stems (including trees, shrubs, and lianas) with DBH ≥ 1 cm were tagged, and the species' names were identified and their DBH were measured.
Measurement of environmental factors.-Each of the 1-ha forest dynamic plot was divided into 25 subplots with an area of 20 × 20 m, and at the center of each 20 × 20 m subplot, hemispherical canopy photographs were taken at 1.5 m above ground level using a fish-eye lens (HMV1v8; Delta-T Devices Ltd, Cambridge, UK) mounted on a tripod. Canopy cover was measured based on each photograph as the percentage of closedcanopy pixels using the gap Light Analyzer software (Frazer et al. 1999) . Canopy openness (CO, %) was then obtained from the formula CO = 1 − canopy cover.
Terrestrial soil samples (0-20 cm) were collected in each subplot, and five samples from each transect were mixed to obtain a sample per transect for analysis. All soil samples were air-dried after field collection and transported to a soil laboratory. Analyses included pH, soil organic matter (SOM, g/kg), total nitrogen (Tn, g/kg), total phosphorus (TP, g/kg), total potassium (TK, g/kg). The detailed analysis process and method were given by Long et al.(2011) . In each subplot, one soil core sample (100 cm 2 ) was collected using cutting ring to determinate the soil water content (SWC, %).
Model description
Niche preemption model.-niche preemption model was proposed by Motomura (1932) and was known as geometric series or Motomura model, who states that α of total niche was occupied by dominant species of the community and α of the remaining parts of the total niche was occupied by subdominant species, namely α (1 − α), and so on. Thus, the expected abundance of species at rank i is given by:
Neutral theory model.-We choose Volkov model to calculate neutral biodiversity (Volkov et al. 2003) , and the model is a stationary distribution deduced from a stochastic process compatible with the neutral theory of biodiversity (Hubbell 2001) . It has two free parameters: the "fundamental biodiversity number" theta (θ) and the immigration rate m. In this model, the frequency of species containing n individuals is given by:
, μ is the abundance of the kth species in the community, x represents the ratio of effective per capita birth rate to the death rate arising from a variety of causes such as birth, death, immigration, and emigration, and x has to be less than 1. J is the number of individuals in the community, and t is the time when the kth species containing n individuals.
Statistical analysis and model selection
All of the statistical analyses and model fittings in this study were conducted in the software R 3.2.2 (R Development Core Team 2014). We calculated the average values and coefficients of variation in environment factors to illustrate the environmental heterogeneity for each vegetation type. Individual-based rarefaction species accumulation curves and rank-abundance curves were generated to compare species richness across the six old-growth forest vegetation types.
In this study, we define the minimum stem size to tag trees in a community as the community size (DBH mintag ). We examined the model fitting effect for SAD patterns for each forest dynamics plot at three levels of DBH mintag (DBH mintag ≥ 1 cm, DBH mintag ≥ 5 cm, and DBH mintag ≥ 10 cm) to include stems, and the fitting process for SAD models was conducted in "sads" package using the fitsad function (Prado and Miranda 2014) . Chi-square (χ2) test was applied to determine the acceptance of the model by testing the significance probability (P) at 0.05 significance level; if
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P < 0.05, the model was rejected; if P > 0.05, the model was accepted. Akaike information criterion (AIC) was applied to assess the fitting effect of statistical models. The model with the smallest AIC value is the best fit one, with the condition that if the difference in models' AIC ≤ 2, then the models are considered statistically not different.
results
Changes in species diversity and environmental factors across the six old-growth forest vegetation types
The species-abundance accumulation curve of the 17 1-ha forest dynamics plots with three levels of DBH mintag (Fig. 2) showed that TMRF and TLRF of the two zonal vegetation types at high (>800 m) and low (≤800 m) elevations, respectively, had the faster rate of species accumulation for each DBH mintag classes, whereas the other four vegetation types had slower rate of species accumulations. The rank-abundance curves (Fig. 2) showed a similar order of diversity change with the species-abundance accumulation curves. Fig. 3 shows that the number of stems at both DBH mintag ≥ 5 cm and DBH mintag ≥ 10 cm only accounted for a small proportion of all the individuals in the communities with DBH mintag ≥ 1 cm. However, the number of species decreased relatively slowly with the increase in the DBH mintag . Table 1 shows that the CO was highest in the TMDF, followed by the TCF. The TMRF had the highest SWC and soil TK. The soil Tn was highest in the TDMRF. Soil pH, SOM, and soil TP showed a similar pattern of change, with mean values in the TMRF and the TLRF at moderate level. The coefficients of variation in environmental factors in the TMRF and the TLRF were relatively lower than in other vegetation types except CO.
The model fitting for species-abundance curves of the 17 1-ha forest dynamics plots at different community sizes across the six old-growth forest vegetation types
The statistical results of goodness of fit for the SAD curves in the 17 forest dynamics plots at three levels of DBH mintag across the six oldgrowth vegetation types are listed in Tables 2, 3 , and the fitted SAD curves for models are summarized in Figs. 4-6. In the TMRF, neutral model was well fitted for the SADs of all the forest dynamics plots at levels of DBH mintag (Figs. 4-6 ). Through chi-square tests, neutral model was not significantly different for the forest dynamics plots in TMRF except TMRF1 when all stems with DBH mintag ≥ 1 cm were included and the neutral model was accepted by chi-square tests and also accepted by niche preemption model when DBH mintag ≥ 5 cm. Considering only large trees (DBH mintag ≥ 10 cm), the neutral model and niche preemption model were accepted by chisquare tests. The neutral model was the best fitting model for the SAD curves at three levels Fig. 3 . Comparison of the number of individuals (a) and the number of species (b) with three levels of DBH mintag in the 17 1-ha forest dynamics plots across the six old-grown forest types. TMRF, tropical montane rain forest; TLRF, tropical lowland rain forest; TCF, tropical coniferous forest; TDMRF, tropical deciduous monsoon rain forest; TMEF, tropical montane evergreen forest; TMDF, tropical montane dwarf forest, and number followed the vegetation types is the plot number. Notes: Canopy openness (CO, %), soil water content (SWC, %), soil organic matter (SOM, g/kg), soil total nitrogen (Tn, g/ kg), soil total phosphorus (TP, g/kg), soil total potassium (TK, g/kg). TMRF, tropical montane rain forest; TLRF, tropical lowland rain forest; TCF, tropical coniferous forest; TDMRF, tropical deciduous monsoon rain forest; TMEF, tropical montane evergreen forest; TMDF, tropical montane dwarf forest, and the numbers in brackets represent coefficient of variation.
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DBH mintag according to AIC in TMRF. The TLRF showed the similar result as TMRF.
In the TCF, according to the chi-square tests, there was no clear best model for all stems with DBH mintag ≥ 1 cm; however, the neutral model has minimum AIC value. For DBH mintag ≥ 5 cm classes, TCF3's SAD was well fitted only by the neutral model. However, as for the TCF2 and TCF3, the niche preemption model was the best fit model for DBH mintag ≥ 10 cm according to chisquare test and AIC. The TDMRF showed the similar result as TCF with DBH mintag ≥ 1 cm, and only the niche preemption model could well fit the TDMRF2's SAD with DBH mintag ≥ 5 cm. Considering only large trees (DBH mintag ≥ 10 cm), the best fit model was the niche preemption model through chi-square tests and AIC in the TDMRF. In the TMEF, the fitting effect of neutral model was better than niche preemption model's according to chi-square test and AIC for both DBH mintag ≥ 1 cm and DBH mintag ≥ 5 cm classes; however, for large trees (DBH mintag ≥ 10 cm), the niche preemption was the best fitting model. In the TMDF, the result of the chi-square tests showed that neutral model was not significantly different for the TMDF1 with DBH mintag ≥ 1 cm; and there were no clear best models for DBH mintag ≥ 5 cm and DBH mintag ≥ 10 cm classes. While, for TMDF2 at three levels of DBH mintag , the niche preemption model was the best fitting model according to chi-square tests and AIC.
dIscussIon
Mechanism of biodiversity maintenance implicated by the best fitting models
A central question in community ecology is the mechanism of species coexistence at small spatial scales (Wright 2002) . Species-abundance curve is one of the quantitative approaches to describe community composition. Meanwhile, the fitting of the species-abundance patterns to the two competing hypotheses (such as neutral-based model, niche-based model) can reflect some underlying ecological processes in community assembly and diversity maintenance. Our study of utilizing different models to fit SAD patterns of the 17 1-ha forest dynamics plots with three different DBH mintag classes across different vegetation types demonstrated that different forest types in our study region had different best fitting models for SAD curves. The SAD curves of Notes: TMRF, tropical montane rain forest; TLRF, tropical lowland rain forest; TCF, tropical coniferous forest; TDMRF, tropical deciduous monsoon rain forest; TMEF, tropical montane evergreen forest; TMDF, tropical montane dwarf forest; and number followed the vegetation types is the plot number. S is the number of observed species; J, the number of individuals in the community; θ, the biodiversity parameter; m, immigration rate; and α, a constant rate.
forest dynamics plots in two zonal vegetations were almost all best fitted by the neutral model, regardless of the DBH mintag . In contrast, the forest dynamics plots in the four azonal vegetation types were mostly best fitted by the niche preemption model, and they tended to change predictive accuracy from a neutral process to a niche process with the increase in DBH mintag . Our study proved that the best fit models SAD curves were vegetation type specific. The SAD curves of forest dynamics plots in the TMRF and the TLRF were almost all best fitted by the neutral model, and this pattern did not change with community size (DBH mintag ), which implied that the species diversity maintenance mechanisms derived from the neutral model increased the predictive accuracy in the two zonal vegetation types. As for the forest dynamics plots in the other four azonal vegetation types, except one forest dynamics plot in the TMDF, our model fitting results suggested that the species diversity maintenance mechanism in the azonal vegetations might be more Notes: TMRF, tropical montane rain forest; TLRF, tropical lowland rain forest; TCF, tropical coniferous forest; TDMRF, tropical deciduous monsoon rain forest; TMEF, tropical montane evergreen forest; TMDF, tropical montane dwarf forest; and number followed the vegetation types is the plot number. AIC, Akaike information criterion. * P < 0.05.
v www.esajournals.org ZHAng ET AL. Fig. 4 . Fitted species-abundance distribution curves for models in the 17 forest dynamics plots with DBH mintag ≥ 1 cm class across the six old-growth vegetation types (a)-(q). The black hollow dots represent observed species abundance. TMRF, tropical montane rain forest; TLRF, tropical lowland rain forest; TCF, tropical coniferous forest; TDMRF, tropical deciduous monsoon rain forest; TMEF, tropical montane evergreen forest; TMDF, tropical montane dwarf forest, and number followed the vegetation types is the plot number.
v www.esajournals.org ZHAng ET AL. Fig. 5 . Fitted species-abundance distribution curves for models in the 17 forest dynamics plots with DBH mintag ≥ 5 cm class across the six old-growth vegetation types (a)-(q). The black hollow dots represent observed species abundance. TMRF, tropical montane rain forest; TLRF, tropical lowland rain forest; TCF, tropical coniferous forest; TDMRF, tropical deciduous monsoon rain forest; TMEF, tropical montane evergreen forest; TMDF, tropical montane dwarf forest, and number followed the vegetation types is the plot number.
v www.esajournals.org ZHAng ET AL. Fig. 6 . Fitted species-abundance distribution curves for models in the 17 forest dynamics plots with DBH mintag ≥ 10 cm class across the six old-growth vegetation types (a)-(q). The black hollow dots represent observed species abundance. TMRF, tropical montane rain forest; TLRF, tropical lowland rain forest; TCF, tropical coniferous forest; TDMRF, tropical deciduous monsoon rain forest; TMEF, tropical montane evergreen forest; TMDF, tropical montane dwarf forest, and number followed the vegetation types is the plot number.
v www.esajournals.org ZHAng ET AL. neutral processes dominant when the community sizes were small (DBH mintag ≥ 1 cm). This might be caused by the vast majority of juvenile trees (1-10 cm DBH), which accounted for great proportions of the total individuals in the tree communities (Fig. 3) , and the relative abundance distribution of the juvenile trees was much more determined by stochastic neutral process. Dispersal is often treated as a purely stochastic process (Hubbell 2001) . Overall, the early life (juvenile) stages of trees have no fixed sites and their fate might be more influenced by random events. The sites that are initially favorable for seedlings may not be suitable for continued survival at later stages (saplings or adult trees) (Comita and Hubbell 2009) . In contrast, the nonrandom process of the niche model increases predictive accuracy of large trees' distribution, resulting in an increased importance of niche processes with the increase in community size (DBH mintag ) (Paoli et al. 2006) . With the increase in DBH mintag , the species diversity maintenance mechanisms derived from the niche processes increased the predictive accuracy. If we just consider adult trees (DBH mintag ≥ 10 cm) in the forest dynamics plot communities, the species diversity mechanisms derived from the niche model increased the predictive accuracy in the azonal vegetations; however, both the TMDF and the TCF had one forest dynamics plot with poor SAD curve fitting to the niche theory model.
However, the inference of mechanisms from this kind of model fitting approach is uncertain as one-to-one relationships between generating mechanisms and community composition usually do not exist, either in the neutral or in the niche systems (He 2005 , Brown et al. 2013 . Some studies suggested that real dynamics is mostly reflected by a combination of niche and neutral dynamics. niche dynamics determine the likelihood of multiple species to be hosted in a given habitat and neutrality is provided by an equal likelihood of colonization (Muneepeerakul et al. 2008 , Convertino et al. 2009 , Convertino 2011 . In the real natural world, it is most likely that a myriad of processes can affect the diversity maintenance of biotic communities (Chave 2004) . The operation of one process does not mean that others are not in action, especially in the speciesdiverse tropical forest communities (Leibold and McPeek 2006) . For instance, niche and neutral models are complementary in explaining the coexistence of diverse species in some cases (Chave 2004) . Our result also showed that the diversity of the same community was maintained by a combination of several mechanisms. For instance, although neutral process most accurately increased our understanding of the diversity maintenance mechanism of the two zonal vegetations (TMRF and TLRF), we also detected some degrees of fitting to niche process (TMRF3, TMRF4, and TLRF1) model (Table 3) . On the other hand, niche preemption model was best fitted in the forest dynamics plots of the four azonal vegetations; however, neutral models were the best fit in some plots (TCF1 and TMDF1). These result suggested that it is not clear which explanation hypothesis most accurately increased our understanding of the diversity mechanisms. Whether it is a reality or an artifact needs more testing.
Diversity maintenance and environmental conditions across different vegetation types and at different levels of community sizes
Some studies showed that environmental heterogeneity is an important driver of spatial differentiation and may contribute to stabilizing species coexistence in tropical forests (Brown et al. 2013) . It is recognized that local topographic variability and its correlates, particularly microclimate, have strong impacts on species distributions (Svenning 2001 , Svenning et al. 2009 , Jones et al. 2011 . neutral process dominated the diversity maintenance mechanism of the TMRF and the TLRF across different community sizes, in which the relatively homogeneous habitat makes the environmental filtering weak, and most of the species in the community can partition the resources with similar probabilities. The species-rich communities with many rare species are more likely to be neutral process dominant in homogeneous conditions, where the role of stochasticity at the individual level becomes unavoidable (Chave 2004) . Our result showed that TMRF and TLRF had relatively homogeneous habitat (the coefficients of variation for most of the measured abiotic factors were small) and the environmental conditions in these forests were almost equally favorable for most of the species (Table 1) , resulting in the diversity maintenance mechanisms for these vegetations that tend to be more accurately explained neutral processes too.
In general, the species diversity maintenance mechanisms of established tree communities (DBH mintag ≥ 10 cm) in the four azonal vegetations were more accurately predicted by the niche model. The coefficients of variation for most of the environmental factors were higher (Table 1) , resulting in a generally heterogeneous habitats in the azonal vegetation types. Adult individuals have found of the suitable environmental conditions, but the early life stages of the trees are frequently resource-limited by asymmetric competition with larger individuals and may therefore lack adequate resources to experience higher mortality in unsuitable habitats (Lewis and Tanner 2000 , Barberis and Tanner 2005 , Comita and Hubbell 2009 ). The TCF is considered to be a special geological or edaphic climax of tropical conditions; low water-holding capacity and strong light conditions are stressful for many broad-leaved trees (Table 1) , resulting in the nonrandom spatial distributions of these species. Engelbrecht et al. (2007) indicated that soil water availability is a direct determinant of tree distributions in the tropics. Soil characteristics, especially soil water regime, are also known to act as potentially important ecological filters for many tropical tree species (Vincent et al. 2011) . The TDMRF has not only thin soil horizon, but also low soil water-preserving capability causing serious drought in the dry season; meanwhile, this forest also have many exposed rocks unevenly distributed on the soil surface, leading to the species generating biological characteristics of deciduousness and thorny stems to adapt to the drought conditions (Liu 2009 ). The forest canopy deciduous habitat during the dry season increased the intensity of illumination and temperature, which result in exacerbating the drought severities. Most of exposed rocks caused the habitat to be unevenly distributed, resulting in a heterogeneous environmental mosaic (Liu et al. 2013) , which was most accurately predicted by a niche process model for established trees (DBH mintag ≥ 10 cm). Wootton (2005) suggested that SAD patterns of the communities with more exposed rocks could not significantly be fitted by a neutral theory model. Habitat differentiation and drought stress might be the main factors affecting diversity maintenance mechanism for big-sized tree communities (DBH mintag ≥ 10 cm) in the TCF and the TDMRF, and the species diversity and nonrandom distribution of the trees of the two forest types in the forest dynamics plots were more accurately predicted by a niche differentiation process model. The TMEF and the TMDF typically distribute as a relatively narrow altitudinal zone at high altitude, they are typically characterized by the site conditions with higher coefficients of variation in most of the abiotic factors (Table 1) , and nonhomogeneity of habitat conditions could lead to nonrandom spatial distribution pattern of species (Clark et al. 1999 ). On the other hand, the environmental conditions of the TMEF and the TMDF are characterized by low air temperature and high levels of ultraviolet radiation, while disturbances like strong winds, heavy fog, and alteration in cloudy and sunny weathers made the environmental conditions in these forest heterogeneous both spatially and temporally (Bruijzeel and Hamilton 2000, Long et al. 2011 ). This kind of environmental and disturbance regimes made the SAD patterns more accurately predicted by niche differentiation process model.
Problems and future work
The mechanisms implicated by SAD model fittings should be explained with caution and should be in accordance with the actual site conditions and the concerned potential influence factors. Diversity maintenance mechanism in tropical forest is a complicated process, and using hypothetical model of fitting speciesabundance data is not always able to distinguish various mechanisms (Rosindell et al. 2011 ). In the future research, we should consider various factors and conduct our exploration of diversity maintenance at landscape or regional scales. global sensitivity and uncertainty analyses might be a powerful approach in assessing the causal factors of SAD patterns. In this process of analysis, the probability distribution functions of data for model fitting can be assigned to any source of uncertainty about a variable and the uncertainty of outputs can be tested against the uncertainty of all input variables (Convertino et al. 2013) . global sensitivity and uncertainty analyses typically assign probability distribution functions to all model factors and integrate these into model outputs, which could assess input factor importance and interactions between model input factors and outcomes (Lüdtke et al. v www.esajournals.org ZHAng ET AL.
2008, Convertino et al. 2014) . Moreover, future work should consider using various indices of species diversity as a function of abiotic factors to find potential drivers of diversity maintenance (Convertino et al. 2009 ).
conclusIon Based on our forest dynamics plots data, we made the comparisons of diversity maintenance mechanisms across different vegetation types distributed in a tropical nature reserve. Our results suggested that the best fit SAD models varied with vegetation types and also varied with the community sizes within the same vegetation type. As implied by the best fit models, the diversity of most of the forest communities was more accurately predicted by one diversity maintenance process model, while the other process model was accurately predicted the diversity maintenance in some sites and at certain community sizes. Environmental heterogeneity might be the main determinants of SAD patterns and the underlying driving forces across the six vegetation types and at differing community sizes. Analyzing the relative roles of each process in explaining the diversity maintenance mechanism and how these processes were coupled together to maintain the diversity of the community is a difficult task.
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